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Microscopic RPA calculations based on the cranked shell model are performed to investigate the
quadrupole and octupole correlations for excited superdeformed (SD) bands in even-even A=190
nuclei. The K = 2 octupole vibrations are predicted to be the lowest excitation modes at zero
rotational frequency. The Coriolis coupling at finite frequency produces different effects depending
on the neutron and proton number of nucleus. The calculations also indicate that some collective
excitations may produce J (2) moments of inertia almost identical to those of the yrast SD band.
An interpretation of the observed excited bands invoking the octupole vibrations is proposed, which
suggests those octupole vibrations may be prevalent in even-even SD A=190 nuclei.
I. INTRODUCTION
Superdeformed (SD) rotational bands provide us with
an opportunity of studying a finite quantum many-body
system at the limits of a strong Coriolis field and large
deformation. As an example of elementary excitations in
rapidly rotating nuclei, low-frequency vibrational motion
at high spin is of great interest. Since the large deforma-
tion and the rapid rotation of SD bands may produce a
novel shell structure, we expect features of surface vibra-
tional motions quite different from those of spherical and
normal-deformed (ND) nuclei. In this paper quadrupole
and octupole vibrations built on the SD yrast band are
discussed in terms of a microscopic model based on the
cranked mean field extended by the random-phase ap-
proximation (RPA).
In a recent paper [1] (to which we refer hereafter as
NMMS), we have discussed the quadrupole and octupole
correlations in excited SD bands in 190,192,194Hg. We
have found that the K = 2 octupole vibrations are the
lowest excitation modes in these SD nuclei and the inter-
play between rotation and vibrations produces different
effects depending on neutron number. From a compar-
ison with the experimental J (2) moments of inertia, we
have proposed a new interpretation that most of the ob-
served excited bands are the (K = 2) octupole vibra-
tions. In this paper, we extend this work to all even-even
SD nuclei observed in A=190 region and compare our
theoretical results with new experimental data. Assum-
ing that the observed excited SD bands correspond to
the lowest octupole vibrations, the observed properties
(Routhians, J (2) moments of inertia, and linking tran-
sitions into the yrast SD bands) will be consistently ex-
plained for all even-even A=190 nuclei.
II. COLLECTIVE EXCITATIONS IN RAPIDLY
ROTATING SUPERDEFORMED NUCLEI
Before discussing explicit examples of excited SD
bands, let us discuss the characteristics of elementary
excitation modes in high-spin SD and ND states in even-
even nuclei.
ND nuclei belong to a family of nuclei with “open-
shell” configurations. At low spin, since the pairing cor-
relations produce an energy gap ∆ (typically 1 MeV),
the excitation energies of the lowest two-quasiparticle
(2qp) states are at least 2∆ ≈ 2 MeV and the collec-
tive (isoscalar) excitations become the lowest excitation
modes which have been universally observed in experi-
ments. However, this situation is changed at high spin
by many rotationally aligned 2qp states coming down
rapidly with frequency. These aligned 2qp bands erase
the energy gap and become the dominant modes of low-
energy excitation. Thus, at present, very few experimen-
tal data are available for the collective modes of excita-
tion at high spin.
On the other hand, SD nuclei are characterized as
“closed-shell” nuclei with a large shell gap near the Fermi
surface. In addition, the large deformation tends to re-
duce the aligned angular momenta of high-j orbitals.
These properties of the SD shape keep an energy gap
in the quasiparticle spectra even in the high-spin re-
gion. (see quasiparticle Routhians in NMMS and com-
pare them with those of ND nuclei, e.g., in Ref. [2]). As a
result, the collective states may be still the lowest modes
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even at high spin. In this sense, the SD nuclei could pro-
vide an observatory of the collective excitations in rapidly
rotating systems.
In the A=150 region, the behavior of excited SD bands
have been well accounted for as single-particle excita-
tions except for a few cases in 152Dy [3,4], 148Gd [5], and
150Gd [6]. This may be because the pairing correlations
are extremely suppressed in the A=150 region. Since the
pairing correlations may increase the quadrupole and oc-
tupole collectivity, we expect the different feature of near-
yrast excitation spectra in the A=190 region.
In even-even SD A=190 nuclei, most of excited bands
have J (2) moments of inertia very similar to those of
the yrast SD bands, which show a gradual increase with
frequency. On the other hand, atypical J (2) moments
almost constant with frequency have been observed uni-
versally in odd-A SD nuclei and have been explained by
invoking occupation of a quasiparticle state associated
with neutron N = 7 (j15/2) orbitals [7–10]. These exper-
iments provide important information on the quasiparti-
cle spectra around the N = 112 SD shell gap, which tells
us the N = 7 orbitals is the lowest at high frequency and
the blocking of the N = 7 orbitals leads to the lack of
alignment producing a constant J (2). If we try to inter-
pret the excited bands in even-even nuclei as the simple
2qp states, it is a puzzle why the similar atypical J (2)
have not been observed in the even-even cases. We will
show in the next section that the collective excitations
can provide a possible answer to this mystery.
III. MICROSCOPIC STRUCTURE OF
COLLECTIVE EXCITATIONS
In this section, we give a brief review of our theoret-
ical model and discuss the J (2) moments of inertia for
the excited bands. See NMMS for a complete description
of the model and details of numerical calculations.
In the cranked shell model extended by the RPA the-
ory, vibrational excitations built on the rotating vac-
uum are microscopically described by superpositions of a
large number of 2qp states. The RPA also allows us to
describe non-collective 2qp excitations and weakly col-
lective states which are difficult to discuss by means of
macroscopic models. Effects of the Coriolis force on these
various modes of excitation are automatically taken into
account in RPA solutions since the mean field is affected
by the cranking term −ωrotJx.
The model Hamiltonian is assumed to be of the form:
H ′ = h′s.p. +Hint , (3.1)
where h′s.p. is a cranked single-particle Nilsson Hamilto-
nian including the pairing field. The quadrupole defor-
mation and pairing gaps are determined by the standard
Strutinsky procedure at ωrot = 0. We have adopted the
phenomenological prescription given in Ref. [11] for the
pairing gaps at finite frequency (which is characterized
by a “critical” frequency ωc). The residual interactions
are separable multipole interactions,
Hint = Hpair −
1
2
∑
λK
χλKQ
†
λKQλK , (3.2)
where Hpair is a residual pairing interaction consistent
with the mean field and QλK are multipole operators
defined in doubly-stretched coordinates r
′′
i = (ωi/ω0)ri
(i = x, y, z) [12]. The coupling strengths of the in-
teractions χλK are determined in the same way as in
NMMS. However, since we do not know exactly the self-
consistent interactions in a realistic Nilsson potential,
we have done the calculations with two different val-
ues of the octupole coupling strengths; the “harmonic-
oscillator” value (f3 = 1) [12] and the one increased by
5% (f3 = 1.05). We use this symbol f3 as a scaling factor
of the coupling strengths. See eq.(3.13) in NMMS.
After diagonalizing the Hamiltonian (3.1) with the
RPA theory, it is written as
H ′ = const. +
∑
α,n
h¯ΩαnX
α†
n X
α
n , (3.3)
for even-even nuclei at finite rotational frequency. Here
α (=0,1) indicates the signature quantum number. Xαn
†
and h¯Ωαn are the n-th RPA-normal-mode creation opera-
tor and its excitation energy, respectively. Since we take
the yrast SD band as the RPA vacuum, h¯Ωαn gives the
Routhian (excitation energy in the rotating frame) rela-
tive to the yrast SD band.
From the RPA eigenenergies, we calculate the J (2)
moments of inertia for excited SD bands as follows (see
NMMS for detail): The relative difference between the
excited and yrast bands is given by j(2) = −d2h¯Ωn/dω
2
rot,
and added to the experimental J
(2)
0 of the yrast band,
J
(2)
0 +j
(2). This procedure allows us to take into account
the complex correlations which are implicitly included in
J
(2)
0 ; e.g., the pairing fluctuation, the higher-order pair-
ing.
In the RPA theory, excited states |n〉 (n 6= 0) are de-
scribed by superposition of 2qp excitations,
|n〉 =
∑
µν
{
ψn(µν)a
†
µa
†
ν + ϕn(µν)aνaµ
}
|0〉 , (3.4)
where |0〉 is the RPA vacuum and ψn(µν) (ϕn(µν)) are
the RPA forward (backward) amplitudes. The back-
ward amplitudes are generally smaller than the forward
amplitudes if the mean field is stable enough. A non-
collective state has a single dominant 2qp component,
namely |ψn(σρ)|
2 ≈ 1 and |ψn(µν)|
2 ≈ 0 for (µν) 6= (σρ).
On the other hand, a collective state may be charac-
terized by the coherent contributions from many differ-
ent 2qp components and substantial contributions from
backward amplitudes.
As is discussed in sec.II, the lowest N = 7 neutron
quasiparticles change J (2) moments of inertia most sig-
nificantly. Therefore, the observed excited bands in even-
even nuclei, which show the J (2) identical to those of the
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yrast J
(2)
0 , cannot be the lowest 2qp states associated
with these orbitals. A possible explanation for this sim-
ilarity of J (2) is interpreting them as 2qp excitations
invoking high-K orbitals. For instance, bands 2 and 3 in
194Hg have been originally assigned as two-quasineutron
excitations [624 9/2]⊗[512 5/2] [13]. However, this does
not explain why we have not observed 2qp excitations
associated with the neutron N = 7 orbitals which should
be lower in energy at high frequency (see discussion in
sec.II).
Instead, we presume those excited bands could be the
collective states. First of all, the excitation energies of
collective states may be lower than any 2qp state. In ad-
dition, some collective bands may produce the j(2) ≈ 0
(which means J (2) ≈ J
(2)
0 ) because of the spreading of
the RPA amplitudes over many 2qp’s. In a highly collec-
tive state, the amplitude |ψn(µν)| of each 2qp component
is small and the peculiar effect of the neutron N = 7 or-
bitals can be smeared by the other components. This
“smearing” has been actually demonstrated for 194Hg in
NMMS, and will be also done for Pb isotopes in sec. V.
IV. COLLECTIVE EXCITATIONS IN Hg NUCLEI
In this section, results of the RPA calculations are pre-
sented for the excited states in SD Hg nuclei. Since we
have already published this result in NMMS, here we
briefly review the main results of NMMS and discuss new
experimental data on 194Hg. The main conclusions of
NMMS are summarized as follows.
1. The K = 2 octupole vibrations are the lowest exci-
tation modes (Ex ≈ 1 MeV, B(E3; 0
+ → 3−) ≈ 10
s.p.u.) in these Hg isotopes at ωrot = 0.
2. The γ vibrations are higher in energy and less col-
lective (Ex ≥ 1.4 MeV, B(E2; 0
+ → 2+) < 2 ∼ 3
s.p.u.) than the lowest octupole vibrations at
ωrot = 0.
3. In 190Hg, two observed excited SD bands, bands 2
and 4, are assigned to the lowest octupole bands
with signature α = 1 and 0, respectively. The
α = 1 octupole vibration is rotationally aligned,
while the α = 0 is crossed by a two-quasineutron
band at high frequency.
4. In 192Hg, bands 2 and 3 are assigned to the low-
est (K = 2) octupole bands with signature α = 1
and 0, respectively. Both bands are crossed by a
two-quasineutron band at high frequency.
5. In 194Hg, bands 2 and 3 are assigned to the lowest
(K = 2) octupole bands with signature α = 0 and
1, respectively.
6. The strongest mixture of low-K components (K =
0 and 1) at finite frequency is predicted for band 2
of 190Hg, which explains why strong dipole decay
into the yrast SD band has been observed only for
this band.
For 194Hg, recent gammasphere experiments have re-
vealed the excitation energies and spins of the yrast [14]
and excited (band 3) SD bands [15]. The experimen-
tal Routhians of band 3 relative to the yrast SD band
have been extracted from these experimental data [15].
The experiments indicate that band 3 is very low-lying,
E′x ≈ 0.8 MeV at ωrot = 0, which seems to support our
interpretation of collective vibrations because the lowest
2qp states have been predicted to be at E′x ≈ 1.5 MeV
in NMMS.
In Fig. 1 we compare the experimental Routhians with
the theoretical results presented in NMMS and Ref. [16]
(indicated by (1) and (2), respectively) and with Routhi-
ans calculated with slightly different parameters (indi-
cated by (3)). The parameter sets used for the calcula-
tions are; (1) the same parameters as in NMMS (dynam-
ically reduced pairing and f3 = 1), (2) the same as in
Ref. [16] (constant pairing gaps and f3 = 1.05), and (3)
the same as (1) except f3 = 1.057 and h¯ωc = 0.5 MeV
for protons (see eq.(3.4) in NMMS). It turns out that the
previous calculation (2) had predicted the experimental
Routhians very nicely, while the calculation (1) had over-
estimated the excitation energy by about 200 ∼ 300 keV.
The parameters (3) are chosen to reproduce the experi-
ments: it seems to suggest that the reduction of proton
pairing is smaller than expected in NMMS and the opti-
mal octupole coupling strengths are slightly larger than
the harmonic-oscillator values. This is consistent with
the discussion in NMMS in which we have shown the
slightly larger coupling strengths (f3 = 1.05) reproduce
the experimental J (2) even better.
Experimental information has also been obtained on
the signature splitting of bands 2 and 3 (assuming they
are signature partners). This is discussed in a paper by
F. Stephens in this proceedings [17]. Again, the agree-
ment becomes better for the result with the slower pairing
reduction and the larger octupole coupling.
FIG. 1. The RPA eigenenergies for the lowest oc-
tupole states in 194Hg. Solid (dashed) lines correspond to
states with signature α = 1 (0). Experimental data for
band 3 (α = 1) are shown by open squares.
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FIG. 2. RPA eigenenergies of negative-parity states for 192,194,196,198Pb calculated with f3 = 1.05. Open (solid) circles
indicate states with α = 0 (1). Large, medium, and small circles indicate RPA solutions with E3 transition amplitudes larger
than 200 efm3, larger than 100 efm3, and less than 100 efm3, respectively. If we take f3 = 1, the excitation energy of the lowest
octupole states will be around 1.2 MeV at ωrot = 0.
V. COLLECTIVE EXCITATIONS IN Pb NUCLEI
In this section, the results are presented for excited
states in SD even-even Pb nuclei. In 192,194,196,198Pb, the
predicted properties of γ vibrations are similar to those
in Hg nuclei (see the previous section and NMMS); the
excitation energy (Ex ≈ 1.5 ∼ 1.6 MeV) is higher than
the lowest octupole state and their weak collectivity will
be dissipated at high spin. Therefore, the observation of
the γ vibration is expected to be more difficult than the
octupole vibrations. Hereafter, let us focus our discus-
sion on the collective octupole excitations.
Figure 2 shows the calculated Routhians with negative
parity relative to the yrast SD bands for even-even Pb
nuclei. The quadrupole deformation ǫ = 0.44, the pair-
ing parameters ∆(0) = 0.8 (0.7) MeV with h¯ωc = 0.5
(0.5) MeV for neutrons (protons), and f3 = 1.05 are used
throughout (cf. sec.III-A in NMMS). The lowest states
are again the K = 2 octupole vibrations for all nuclei.
A. 194Pb and 196Pb
The excited SD bands in even-even Pb nuclei have been
observed in 194Pb (bands 2 and 3) [18] and 196Pb (bands
2, 3, and 4) [19]. We assume the lowest octupole bands
(α = 0 and 1) correspond to the observed excited bands
(bands 2 and 3) in 194Pb and 196Pb. Unfortunately we
could not give unique assignment to band 4 in 196Pb (see
below).
The calculated J (2) moments of inertia are shown in
Fig. 3(a) together with the experimental data. The sig-
nature of excited bands is determined by following the ex-
perimental suggestions [18,19]. As is discussed in sec.III,
the J (2) identical to those of the yrast SD band are re-
produced by means of the “smearing” effect. The results
calculated with f3 = 1.05 agree with the experiments
especially well. There is an experimental suggestion that
FIG. 3. (a) Calculated (solid lines) and experimental
(symbols) J (2) moments of inertia for excited SD bands
in 194Pb (upper) and 196Pb (lower). Thin solid lines are
the results with f3 = 1 while the thick lines indicate the
results with f3 = 1.05. Dotted lines indicate the yrast
J
(2). Experimental data are taken from Ref. [18,19].
(b) E3 transition amplitudes of the corresponding oc-
tupole states calculated with f3 = 1.05.
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the band-head energy of bands 2 and 3 in 196Pb is around
870 keV [19], which again indicates better agreement with
the results with f3 = 1.05 (Fig. 2).
In order to clarify how the “smearing” works, we show
examples of RPA amplitudes calculated with f3 = 1.05
for the lowest α = 1 octupole state in 196Pb: At ωrot = 0,
the largest component is a two-quasineutron ν(56) (occu-
pying N = 5 and N = 6 orbitals) with |ψ|2 = 0.14, while
it will be a two-quasiproton π(56) with |ψ|2 = 0.12 at
h¯ωrot = 0.3 MeV. As you can see, even the largest com-
ponent occupies less than 10% of the total sum of forward
amplitudes
∑
µν |ψ(µν)|
2 ≈ 1.48. As is discussed before,
the neutron N = 7 orbitals give the most significant ef-
fect on J (2) moments of inertia. The largest component
associated with neutron N = 7 is |ψ|2 = 0.04 (0.02) at
h¯ωrot = 0 (0.3) MeV. Therefore, the blocking of N = 7
orbitals turns out to be extremely weak in this collective
excitation, which results in the J (2) almost identical to
those of the yrast band.
The experiment [19] has also observed decay transi-
tions from excited SD bands (bands 2, 3, and 4) into the
yrast SD band in 196Pb (the dipole character of decays
from band 3 was confirmed). Assuming the E1 transi-
tions, the experimental B(E1) values have been extracted
from the branching ratio; B(E1)exp ≈ 10
−6, 10−5, and
10−4 W.u. for bands 2, 3, and 4, respectively. Using
the E1 recoil charge (−Ze/A for neutrons and Ne/A for
protons), the calculations with f3 = 1.05 at h¯ωrot = 0.3
MeV have suggested B(E1)cal ≈ 10
−7, 10−6 W.u. for
bands 2 and 3, respectively. If we assume band 4 is an
either K = 0 or 1 octupole band, the B(E1)cal would
be about 10−5 W.u. Although the calculation underes-
timates the absolute magnitude by a factor of 10, the
relative difference among bands 2, 3, and 4 is well repro-
duced. However, the band-head energies of K = 0 and
1 octupole states are predicted to be around 1.5 MeV
which is much higher than the experimental suggestion
(≈ 1 MeV); this weakens our interpretation of band 4 as
an octupole state. Note that, since we could not make the
reliable prediction about β vibrations, we cannot deny a
possibility that band 4 is a β vibration. Besides, if the
transitions from band 4 are M1, it could be a 2qp band,
because the J (2) moments of this band show the atypi-
cal behavior which might suggest effects of the neutron
N = 7 orbitals.
Figure 3(b) shows the E3 amplitudes (K = 0, 1, 2, and
3) of the lowest octupole states as functions of frequency.
The K-mixing turns out to be weak for both bands 2 and
3 in 196Pb. Since the E1 strength is supposed to be car-
ried by the low-K component (K = 0 and 1), it provides
the small B(E1) for bands 2 and 3 (10−7 ∼ 10−6 W.u.).
The calculation suggests the relatively strong Coriolis
mixing for (K,α) = (2, 1) octupole band in 194Pb. This
leads to B(E1)cal ≈ 10
−6 ∼ 10−5 W.u. which is the
largest among the octupole states shown in Fig. 3. Fur-
ther experimental investigation about the linking transi-
tions between excited and yrast SD bands in 194Pb may
clarify the octupole collectivity of this band.
B. 192Pb and 198Pb
Although the excited SD bands in even-even A=190
nuclei have been observed so far only in 190,192,194Hg and
194,196Pb, we expect this will be significantly extended
in near future by means of the new generation γ-ray de-
tectors. Among those candidates, 192Pb and 198Pb may
be relatively easy to access because the yrast SD bands
have been already observed. In this section, we make a
prediction on the properties of octupole bands in these
nuclei.
The octupole states in 192Pb are similar to those
(bands 2 and 4) in 190Hg; the lowest octupole phonon
with signature α = 1 is rotationally aligned, and the sec-
ond lowest with α = 0 is crossed by a 2qp band (Fig. 2).
In Fig. 4, we show the calculated J (2) moments of iner-
tia for the lowest octupole bands in each signature sec-
tor. The α = 1 band shows the large and almost con-
stant J (2), while the α = 0 shows a bump at frequency
h¯ωrot ≈ 0.3 MeV (if we take f3 = 1, the position of
this bump will be shifted to h¯ωrot ≈ 0.23 MeV). Since
the aligned octupole phonon is a result of strong Corio-
lis mixing, the α = 1 band has substantial amounts of
K = 0 and 1 components at finite frequency, which will
lead to the relatively strong E1 decays into the yrast SD
band (B(E1)cal ≈ 10
−6 ∼ 10−4 W.u.).
In 198Pb, the lowest K = 2 octupole states (α = 0 and
1) are predicted to have no signature splitting. Their
J (2) moments of inertia are identical to each other and
similar to those of the yrast SD band (Fig. 4). In this
case, since the Coriolis mixing is very weak, the E1
strengths are predicted to be small (B(E1)cal ≈ 10
−7 ∼
10−6 W.u.).
FIG. 4. Calculated J (2) moments of inertia for the
lowest octupole bands with α = 0 (lower) and α = 1 (up-
per) in 192Pb (left) and 198Pb (right). f3 = 1.05 is used
in the calculations. Dotted lines indicate the yrast J (2).
Experimental data are taken from Ref. [20,21].
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VI. CONCLUSIONS: “OCTUPOLE PARADISE”
The microscopic structure of the γ and the octupole vi-
brations built on the SD yrast bands in 190,192,194Hg and
192,194,196,198Pb were investigated by means of the RPA
based on the cranked shell model. For all these even-even
nuclei, the K = 2 octupole vibrations are predicted to be
the lowest.
New experimental data on SD 194Hg [15] seem to sup-
port our interpretation in NMMS that bands 2 and 3
may be K = 2 octupole vibrational states. The results
in Ref. [16] calculated with slightly different parameters
agreed better with the experimental Routhians for band
3, which may suggest the pairing reduction at finite fre-
quency should be smaller and the optimal octupole cou-
pling strengths be larger than the ones used in NMMS.
For the observed excited bands in SD Pb isotopes, the
following configurations have been assigned:
194Pb Band 2 : the (K,α) = (2, 1) octupole vibration.
Band 3 : the (K,α) = (2, 0) octupole vibration.
196Pb Band 2 : the (K,α) = (2, 0) octupole vibration.
Band 3 : the (K,α) = (2, 1) octupole vibration.
Band 4 : indefinite.
With these assignments, our calculation accounted for
the J (2) moments of inertia and the observed decays of
excited bands into the yrast SD band (196Pb). It is also
suggested that the relatively strong Coriolis mixing in the
(K,α) = (2, 1) octupole vibration in 194Pb may lead to
the strong E1 decay into the yrast SD band. It would be
interesting for the experiment to search for these decay
transitions in this nucleus.
We have also done the calculations on excited SD
bands in 192Pb and 198Pb. The following octupole bands
are predicted (possible experimental signatures are indi-
cated in [italics ]):
192Pb (i) the α = 1 aligned octupole vibration
[large J (2) and E1 linking transitions].
(ii) the (K,α) = (2, 0) octupole vibration crossed
by a 2qp band
[a bump of J (2) at h¯ωrot = 0.2 ∼ 0.3 MeV].
198Pb the signature-paired K = 2 octupole vibrations
[J (2) similar to those of the yrast].
As mentioned above, the K = 2 octupole vibrations
are predicted to be the lowest in the region where the
SD bands have been observed so far (79 ≤ Z ≤ 83,
109 ≤ N ≤ 116). Since the E1 strengths only come
from the Coriolis mixing of the K = 0 and 1 compo-
nents, the most direct evidence of octupole correlations,
namely the strong decays into the yrast SD band, have
been observed in limited cases (band 2 in 190Hg and band
4 in 196Pb). However, if future experiments extend this
region into N < 108 or N > 116, the K = 1 octupole
vibrations are predicted to become the lowest (or close to
the lowest). Then, strong E1 decay should be observed,
and would be good experimental evidence for octupole
collectivity. This lowering of K = 1 octupole states at
open shell configurations is a result of the striking shell
structure at superdeformation and has been discussed in
Ref. [22–24].
From these calculations and from a comparison with
available experiments, we would like to conclude that the
octupole vibrations are prevalently observed in even-even
SD A=190 nuclei (“Octupole Paradise”). The observa-
tion of the high-spin collective excitations is very difficult
in ND nuclei, because the energy gaps at the Fermi sur-
face quickly disappear due to many aligned 2qp states, so
that non-collective modes of excitation become dominant
at high spin. The large deformation and large shell gap
in SD nuclei may overcome this situation and provide us
with a valuable opportunity to observe a variety of col-
lective excitations in rapidly rotating quantum systems.
We would like to acknowledge F. Azaiez, P. Fallon,
G. Hackman, M.A. Riley, M.-G. Porquet, F. Stephens
for offering us new experimental data and for valuable
discussions.
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